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1. SMALL HYDROGEN MASS IN SNE IA
There are recent claims for the presence of hydrogen,
at low abundances, in the ejecta of two type Ia super-
novae (SNe Ia), which I claim is compatible with the
evaporation of Jupiter-like (gas giant) planets.
Kollmeier et al. (2019) used their detection of an Hα
emission line in the nebular phase to estimate the hydro-
gen mass in the sub-luminous SN Ia SN2018fhw/ASASSN-
18tb to be MH ≈ 2 × 10
−3M⊙, and possibly up to
MH ≈ 0.01M⊙. For the origin of the Hα line they
considered stripped gas from a non-degenerate star in
the single-degenerate (SD) scenario of SNe Ia, interac-
tion with circumstellar matter (CSM; also Vallely et al.
2019), or fluorescent UV pumping in a slowly expand-
ing shell of material. Vallely et al. (2019) commented
that this SN is very different from other known CSM-
interacting SNe Ia.
Prieto et al. (2019) reported the detection of a narrow
Hα emission line, FWHM≈ 1200 km s−1, in the low-
luminosity fast declining SN Ia SN2018cqj/ATLAS18qtd.
They inferred a hydrogen mass of MH ≈ 10
−3M⊙ and
argued that the Hα line properties are consistent with
stripped hydrogen. However, the inferred hydrogen
mass is significantly less than what theoretical calcula-
tions (e.g., Botya´nszki et al. 2018) give for the classical
SD scenario. Instead, I will consider a planetary origin
for this hydrogen.
2. EJECTA-EVAPORATED PLANTS
I consider the possibility that in rare cases the SN Ia
ejecta unbinds a gas giant planet of massMp ≃ 1−15MJ
and thus enriches the ejecta with a hydrogen mass of
MH ≈ 1− 10MJ, where MJ is Jupiter mass.
The binding energy of a Jupiter-like planet is (e.g.,
Lecavelier Des Etangs 2007, and adding internal energy)
Ebin ≈ 2 × 10
43(Mp/MJ)
2(Rp/RJ)
−1 erg. In the rele-
vant mass range the planet radius is Rp = RJ , where
RJ is the radius of Jupiter.
The SN ejecta hits the planet and transfers a frac-
tion η ≃ 0.02 (Boehner et al. 2017) of its kinetic energy,
Eexp ≃ 10
51 erg, to evaporate the planet. For the ejecta
to destroy the planet, the plant must be within a dis-
tance of of
amax ≃ 50
( η
0.02
)1/2(Mp
MJ
)−1(
Rp
RJ
)3/2
R⊙. (1)
3. ACCOUNTING FOR PLANETS AT EXPLOSION
Observations and their interpretations suggest that
many white dwarfs (WDs) host planetary systems (e.g.,
Veras 2016), including post-common envelope evolu-
tion (post-CEE) WDs in close binary systems (e.g.,
Zorotovic, & Schreiber 2013). However, these post-CEE
circumbinary planets have a separation too large to ex-
plain complete planet evaporation by the SN ejecta.
The evaporated planets might be first generation plan-
ets, i.e., planets born with the main sequence progenitor
of the WD (e.g., Bear, & Soker 2014), or second genera-
tion planets, i.e., planets born from the mass lost by the
giant progenitor of the WD (e.g., Perets 2010). Of par-
ticular relevance to SN Ia scenarios that involve a CEE
is the possible formation of a post-CEE circumbinary
disk (Kashi, & Soker 2011) where planets might form
(e.g., Schleicher, & Dreizler 2014).
Table 1 presents my estimate of the likelihood of for-
mation of a planet at a separation of a . 50R⊙ in each
of the five SN Ia binary scenarios (for a summary of the
five SN Ia scenarios and those that experience the CEE
see Soker 2019).
For a first generation planet to be in a separation of
a . amax at explosion, in most scenarios it should sur-
vive a CEE phase. For that, its mass must beMp & 5MJ
(Livio, & Soker 1984), and the mass of the giant enve-
lope cannot be too large, otherwise the planet inspirals
to the core and the core destroys the planet. Note that
in scenarios that suffer a CEE the planet enters the CEE
together with the binary system. We actually have three
bodies inside an envelope: (1) A WD; (2) Another WD
or a main sequence star; (3) a planet. In the case of the
WD-WD collision scenario only the planet enters the
CEE as the two WDs are in a wide binary (or triple or
quadruple) system.
It is not clear whether a second generation planet at
a separation of a . amax can form. This is a close dis-
tance from a very bright WD remnant of an asymptotic
giant branch star, or from a core-WD merger product
in the case of the core-degenerate scenario. However,
2Table 1. Origin and masses of rare planets at a < amax in SNe Ia
Scenario Core Degenerate Double Degenerate Double Detonation Single Degenerate WD-WD collision
Relevant sce-
nario’s ingredi-
ents (CEE stands
for common enve-
lope evolution)
A CO/HeCO WD
experiences a CEE
and merges with the
CO/HeCO core of
the giant.
A CO/HeCO WD
survives a CEE close
to the CO/HeCO
core remnant.
A WD or a He star
survive a CEE close
to the core remnant.
One of the stars has
a He layer.
(1) A main sequence
star experiences a
CEE and survives.
(2) A mass-donor gi-
ant. No CEE.
Two wide CO WDs
evolve indepen-
dently and merge
long after their
formation.
1st generation or-
biting only the
exploding WD(s);
Mp ≈ 5− 15MJ.
No. No. No. Only when the
mass-donor is a
giant, but unlikely.
Likely in 1 or 2 of
the colliding WDs.
1st generation cir-
cumbinary; Mp ≈
5 − 15MJ.
Likely. Likely. Likely. Likely in the case
of a main sequence
mass-donor.
No.
2nd generation or-
biting only the
exploding WD(s);
Mp ≈ 1− 3MJ.
No. No. No. Only when the
mass-donor is a
giant, but unlikely.
Possible in 1 or 2 of
the colliding WDs.
2nd genera-
tion from a
circumbinary
post-CEE disk;
Mp ≈ 1− 3MJ.
Possible. Possible. Possible. Possible in the case
of a main sequence
mass-donor.
No.
Comments The planet orbits
a single WD at
explosion.
A massive planet
might influence the
evolution of the two
WDs to merge.
A massive planet
might influence the
evolution of the
He-rich star toward
the WD.
Low MH implies a
long delay from ac-
cretion to explosion
(the spin-up/spin-
down channel).
The evolution to
form a low mass
single WD favours
the survival of a
planet in a CEE.
Notes:
The term ‘Likely’ in the second and third rows and the term ‘Possible’ in the fourth and fifth rows imply that if a planet does exist in one of these
SNe Ia scenarios, it is more likely to be a first rather than a second generation planet. CO/HeCO means that the WD can be a CO WD or a
HeCO WD.
the many gas giant planets at close orbits around main
sequence stars suggest that this is possible, at least in
principle. Like the entire speculative suggestion of this
short article, the formation of second generation planets
at a separation of a < amax ≈ 50R⊙ should also be a
subject of future study.
In any case, the presence of a planet, whether a first
or a second generation planet, requires a not too violent
CEE. This requirement might prefer sub-luminous SNe
Ia.
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